Objective: Body mass index (BMI) centile is recommended for assessing body fatness in children. We compared the reliability of two methods of deriving BMI centile. Method: A total of 42 dietitians calculated the BMI centiles of six children, half using the Cole Calculator (a slide rule) and half calculating by hand and plotting on the BMI centile chart. Results: The centile chart method was more reliable than the Cole Calculator, probably due to its greater familiarity.
Background
Childhood obesity in the United Kingdom is widely prevalent (Bundred et al, 2001) , and body mass index (BMI ¼ weight (kg) divided by the square of height (m)) is recommended to monitor adiposity in children. BMI centile charts based on the British 1990 revised growth reference are available from the Child Growth Foundation (Cole et al, 1995) . BMI centile is derived by calculating BMI and plotting it on the chart according to the child's age and sex.
The Cole Calculator is a slide rule that converts weight, height and BMI to centiles for age and sex based on the British 1990 reference (Figure 1 ) (http://www. healthforallchildren.co.uk/). It is an updated version of the slide rule described previously (Cole et al, 1981) . It provides an alternative to calculating and plotting BMI, and may be more simple, convenient and/or reliable for calculating BMI centile.
Before BMI was used commonly in children, weight for height indices such as percentage ideal weight for height were popular. Hand calculation of percentage ideal weight for height has been found to be unreliable among experienced dietitians (Poustie et al, 2000) . For BMI centile to be useful for detecting childhood obesity, it needs to be reliable. The aim of this study was to compare the reliability of the Cole Calculator with that of calculating and chart plotting, for estimating BMI centile.
Methods
Paediatric dietitians who were members of the UK Dietitians Cystic Fibrosis Interest Group (n ¼ 50) were invited to participate in the study. This sampling frame was selected for its convenience and because the population was likely to be experienced at estimating BMI centile using centile charts. The dietitians were sent details of six hypothetical children (sex, date of birth, date of measurement, height and weight) and asked to derive their BMI centiles. These were based on actual children (three boys, three girls), and represented a wide age (3-16 y) and BMI centile (9th-91st) range. Half of the dietitians were randomised to use the Cole Calculator (group A), and the other half to calculate and plot using the centile chart (group B). Cole Calculators or BMI charts, with instructions for their use, were posted to the dietitians. Ten dietitians, five from each group, were later contacted and asked to repeat the calculations without referring to their previous results.
The BMI chart has nine centile curves spaced two-thirds of an SD score apart. The dietitians were asked to report each child's BMI either as a centile (eg 75th) or as a channel between adjacent centiles (eg 25th-50th). The data were scored in terms of the number of channels relative to the median, for example, þ 1 for the 75th centile and À0.5 for the range 25th-50th. The true score for each child was derived as their BMI SD score divided by two-thirds. The variability of the dietitians scores relative to the true scores was compared between groups.
Results
A total of 42 dietitians (84% response rate) completed the scoring (22 in group A, n ¼ 132; 20 in group B, with one missing score, therefore n ¼ 119). Figure 2 shows the true centile scores for each child as a horizontal line, with the scores for each dietitian by group above and below. With child 1, for example, all dietitians in group B correctly chose the 25-50 channel, while six in group A were incorrect. Taking as correct scores within half a channel width of the true value, there were 40 errors in group A (30%) as against nine in group B (8%). Gross errors, of more than two channel widths in error, numbered three in group A and one in group B. Table 1 shows the means and standard deviations by group of the difference between estimated and true centile channel for each dietitian and child. It confirms the appreciably better agreement in group B, with the mean nearer zero and the standard deviation half that for group A.
Intraobserver reliability was assessed in nine (five in group A, four in group B) of 10 dietitians who were asked to score the children twice. In group A, 17 of 30 (57%) pairs of scores were discordant, four differing by more than half a channel width. In group B, three of 24 (13%) pairs were discordant, of which two exceeded half a channel width.
Discussion
Intra-and interobserver reliability were clearly better using the BMI centile chart than the Cole Calculator, with 92% of chart assessments correct compared with 70% with the Calculator. Both methods produced errors, suggesting that not all were related to the method used. For example, errors in age derived from date of birth and date of assessment could have occurred with either method. Observer fatigue probably played a part, with the results for children 4-6 being appreciably worse than for children 1-3, particularly in the chart group.
The relatively poor performance of the Cole Calculator is surprising. It ought to avoid errors arising from calculation or plotting, as the user simply positions the weight and height slides next to the child's age and reads the BMI centile off the back. However, the slide rule format is unusual and its lack of familiarity probably caused some of the errors. Training ought to improve its performance.
In clinical practice, gross errors in age estimation will normally be recognised as the child is present, and referral to clinical records should highlight large inaccuracies in BMI centile. The lack of visual feedback in this study may explain some of the poor reliability. For research purposes dedicated software such as the Child Growth Foundation's LMS disc is recommended (http://www.healthforallchildren.co.uk/).
In conclusion, traditional charting methods are recommended to assess BMI in clinical practice. The Cole Calculator may be useful when calculator or growth charts Figure 1 The Cole Calculator, a slide rule to convert weight, height and BMI to centiles based on the British 1990 growth reference. are absent. More robust computer-based methods are best for research purposes.
